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Abstract of JP2002175983 

PROBLEM TO BE SOLVED: To provide a thin-film polycrystalline silicon, with which a film can be 
formed uniformly on a large-area substrate and which has high crystallization rate, contains silicon 
crystals in a large grain size and is satisfactory in photoelectric converting properties, and to provide a 
method of manufacturing the same and a silicon photoelectric converter. SOLUTION: A material 
containing aluminium and a material containing silicon are MQwe^dlo^acLQnJhe surface of a substrate, 
substantially at the same time in activated state, so that acJ^J^ formed on the 

substrate, and at least a part of the film is crystallized by a prescr^ 
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[Claim(s)] 



[Claim l]Thin film polycrystalline silicon which is the aluminum-Si film mixture formed 
on a substrate by making a raw material containing aluminum and a raw material 
containing silicon act on the surface of a substrate simultaneously substantially by an 
activated state, and is characterized by at least a part being crystallized by predetermined 
heat treatment. 

[Claim 2] Said aluminum-Si film mixture is formed by physical vapor deposition which 
uses aluminum and silicon as a deposition material, The thin film polycrystalline silicon 
according to claim 1 having the silicon crystallized by more than pentatomic %'s 
containing aluminum below 50 atom %, and heating said aluminum-Si film mixture 
during membrane formation in a not less than 150 ** temperature region 500 ** or less. 

[Claim 3] Said aluminum-Si film mixture is formed by physical vapor deposition which 
uses aluminum and silicon as a deposition material, The thin film polycrystalline silicon 
according to claim 1 having the silicon crystallized by more than pentatomic % ? s 
containing aluminum below 50 atom %, and heating said aluminum-Si film mixture after 
membrane formation in a not less than 150 ** temperature region 500 ** or less. 

[Claim 4] Said aluminum-Si film mixture is formed by chemical vapor deposition using 
material gas containing aluminum and material gas containing silicon, The thin film 
polycrystalline silicon according to claim 1 having the silicon crystallized by more than 
pentatomic %'s containing aluminum below 50 atom %, and heating said aluminum-Si 
film mixture during membrane formation in a not less than 150 ** temperature region 
500 ** or less. 

[Claim 5] Said aluminum-Si film mixture is formed by chemical vapor deposition using 
material gas containing aluminum and material gas containing silicon, The thin film 
polycrystalline silicon according to claim 1 having the silicon crystallized by more than 
pentatomic %'s containing aluminum below 50 atom %, and heating said aluminum-Si 
film mixture after membrane formation in a not less than 150 ** temperature region 500 
** or less. 

[Claim 6] Thin film polycrystalline silicon of any 1 statement of the claims 1 thru/or 5 
removing aluminum which deposited on the surface of said aluminum-Si film mixture by 
etching. 

[Claim 7]Thin film polycrystalline silicon of any 1 statement of the claims 1 thru/or 6 
having the aluminum-Si film mixture which has said crystalline substance as the 1st layer 
(crystal-nucleus layer), and having the silicon thin film formed as the 2nd layer on it. 

[Claim 8]The thin film polycrystalline silicon according to claim 7 which said 1st layer 
(crystal-nucleus layer) has the thickness in the not less than 10-nm range of 1000 nm or 
less, and is characterized by a volume crystallization rate being not less than 70%. 



[Claim 9] Thin film poly crystalline silicon of any 1 statement of the claims 1 thru/or 5 
which Al content of more than 10 18 individual cm" 3 is below 10 21 individual cm" 3 , and 
are characterized by showing a p type semiconductor characteristic. 

[Claim 10] While making a raw material containing aluminum and a raw material 
containing silicon act on the surface of a substrate simultaneously substantially by an 
activated state and forming aluminum-Si film mixture, A manufacturing method of thin 
film polycrystalline silicon performing predetermined heat treatment during membrane 
formation of this aluminum-Si film mixture, or after membrane formation, and 
crystallizing the part at least. 

[Claim 1 1] An aluminum material and a silicon raw material are made to act on the 
surface of a substrate simultaneously with physical vapor deposition using aluminum and 
silicon as a deposition material, The manufacturing method according to claim 10 
forming on a substrate aluminum-Si film mixture as for which below 50 atom % carries 
out [ more than pentatomic % ] Al content, heating in a not less than 150 ** temperature 
region 500 ** or less while forming this aluminum-Si film mixture, and crystallizing 
silicon. 

[Claim 12] An aluminum material and a silicon raw material are made to act on the 
surface of a substrate simultaneously with physical vapor deposition using aluminum and 
silicon as a deposition material, The manufacturing method according to claim 10 
forming on a substrate aluminum-Si film mixture as for which below 50 atom % carries 
out [ more than pentatomic % ] Al content, heating in a not less than 150 ** temperature 
region 500 ** or less after forming this aluminum-Si film mixture, and crystallizing 
silicon. 

[Claim 13] An aluminum material and a silicon raw material are made to act on the 
surface of a substrate simultaneously with chemical vapor deposition using material gas 
containing aluminum and material gas containing silicon, The manufacturing method 
according to claim 10 forming on a substrate aluminum-Si film mixture as for which 
below 50 atom % carries out [ more than pentatomic % ] Al content, heating in a not less 
than 150 ** temperature region 500 ** or less while forming this aluminum-Si film 
mixture, and crystallizing silicon. 

[Claim 14] An aluminum material and a silicon raw material are made to act on the 
surface of a substrate simultaneously with chemical vapor deposition using material gas 
containing aluminum and material gas containing silicon, The manufacturing method 
according to claim 10 forming on a substrate aluminum-Si film mixture as for which 
below 50 atom % carries out [ more than pentatomic % ] Al content, heating in a not less 
than 150 ** temperature region 500 ** or less after forming this aluminum-Si film 
mixture, and crystallizing silicon. 

[Claim 15]A manufacturing method of any 1 statement of the claims 10 thru/or 14 
removing aluminum which deposited on the surface of said aluminum-Si film mixture by 



etching. 



[Claim 16] A manufacturing method of any 1 statement of the claims 10 thru/or 15 
characterized by forming a silicon thin film as the 2nd layer on it after forming 
aluminum-Si film mixture which has said crystalline substance as the 1st layer (crystal- 
nucleus layer). 

[Claim 17] A manufacturing method of any 1 statement of the claims 10 thru/or 16 which 
Al content of more than 10 18 individual cm" 3 is below 10 21 individual cm" 3 , and are 
characterized by showing a p type semiconductor characteristic. 

[Claim 18]Membranes are formed on a substrate by making a raw material containing 
aluminum and a raw material containing silicon act on the surface of a substrate 
simultaneously substantially by an activated state, A silicon system optoelectric 
transducer, wherein it has the aluminum-Si film mixture in which at least a part was 
crystallized by predetermined heat treatment in a photoelectric conversion functional 
division and thickness of this aluminum-Si film mixture is in the 0.5-micrometer or more 
range of 10 micrometers or less. 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] This invention relates to the manufacturing method and silicon 
system optoelectric transducer of thin film polycrystalline silicon and thin film 
polycrystalline silicon. 

[0002] 

[Description of the Prior Art] An amorphous silicon film can be formed on cheap 
substrates, such as glass, metal, or a plastic, at low temperature 200 ** or less, and since 
membrane formation of a large area is possible, taking advantage of this feature, low 
cost-ization at the time of the mass production in an amorphous silicon system solar cell 
is expected. 

[0003]However, if an amorphous silicon system solar cell is irradiated, a defect will 
occur in i layer which is a photoelectric conversion layer, and photoelectric conversion 
efficiency has been a serious obstacle on utilization of the photodegradation phenomenon 
of falling about 30 percent from ten percent as compared with the initial state. Since it is 
not thoroughly solved in spite of doing various researches about the mechanism of the 
photodegradation phenomenon, the actual condition is that radical solution is not 
established, either. 

[0004] On the other hand, the trial which uses microcrystal silicon instead of amorphous 
silicon as an i type photoelectric conversion layer is reported in recent years (J. Meier et 
al., Mat. Res. Soc.Symp. Proc. Vol.420. P3 (1996)). According to this, the pin type 
optoelectric transducer is formed with the high frequency plasma CVD method using the 
power supply of the VHF band with a frequency of 1 10 MHz, and it is reported that it is 



not accompanied by a photodegradation phenomenon like amorphous silicon. The 
photovoltaic cell using microcrystal silicon as a photoelectric conversion layer, Since the 
peak of a spectral sensitivity spectrum exists in the long wavelength side as compared 
with the photovoltaic cell using amorphous silicon, the photovoltaic cell of the lamination 
type which uses amorphous silicon as a top cell and makes microcrystal silicon the 
photoelectric conversion layer of a bottom product cell, and what is called tandem- izing 
are also possible. 

[0005] 

[Problem(s) to be Solved by the Invention] There is the strong point in which membrane 
formation by the plasma CVD method of the same composition as usual is fundamentally 
possible for the photovoltaic cell using microcrystal silicon, and it is not accompanied by 
a photodegradation phenomenon. 

[0006]In order to promote micro crystallite-ization, it is indispensable to generate a high- 
density hydrogen radical, to carry out the termination of the dangling bond of a growth 
surface, and to promote the radical surface diffusion which participates in membrane 
formation, the power supply whose frequency is higher than the frequency of 13.56 MHz 
used for membrane formation of the conventional amorphous silicon in order to generate 
high density plasma — it is necessary to use the ultrahigh frequency belt (VHF) frequency 
of a 100-MHz level desirably However, in the conventional parallel plate type plasma 
CVD method, since the distribution of voltage in a discharge electrode becomes large 
rapidly with increase of discharge frequency and the local unevenness of plasma is 
produced, there is a problem that membrane formation of the uniform microcrystal 
silicon to a large area substrate becomes very difficult. 

[0007]Since it is smaller than the optical absorption coefficient of amorphous silicon, in 
order to absorb light sufficient as a photovoltaic cell, a not less than 5-micrometer 
photoelectric conversion layer is [ not less than 2 micrometers of thickness ] desirably 
required for the optical absorption coefficient of microcrystal silicon at least. Therefore, 
in order to maintain productivity equivalent to the photovoltaic cell of an amorphous 
silicon system, it is necessary to increase the membrane formation speed of a 
photoelectric conversion layer. In order to carry out high speed film formation of the 
microcrystal silicon, while raising forming temperature, it is necessary to make high 
high-frequency power which generates plasma. In the photovoltaic cell which uses for a 
photoelectric conversion layer the microcrystal silicon which forms membranes on such 
conditions, there is a problem that Lynn (or boron) which is a doping element is spread in 
a photoelectric conversion layer, and the characteristic as an intrinsic semiconductor falls 
from the n layer (or p layer) of a ground during photoelectric conversion layer membrane 
formation. 

[0008]If high-frequency power at the time of photoelectric conversion layer membrane 
formation is made high, in order that the crystal nucleus of a large number generated in 
the initial stage of membrane formation since it was a film formation condition with high 
karyogenesis density may interfere mutually in process of growth and may check grain 
growth, the microcrystal silicon of a crystal grain detailed as a result is formed. The 



photoelectric transfer characteristic is insufficient because of the influence of the grain 
boundary where many photovoltaic cells using the microcrystal silicon of the detailed 
crystal grain as a photoelectric conversion layer exist. 

[0009]By the way, in the photovoltaic cell using microcrystal silicon as a photoelectric 
conversion layer, many grain boundaries exist as compared with the photovoltaic cell 
which uses bulk system silicon, such as single crystal silicon or cast silicon. Since the 
local distortion the defect of the grain boundary or near the grain boundary becomes the 
cause of reducing the performance traverse of a career, the career diffusion length in 
microcrystal silicon is smaller than bulk system silicon. For this reason, the photovoltaic 
cell using microcrystal silicon has the problem that sufficient photoelectric transfer 
characteristic is not acquired as compared with bulk system silicon. When karyogenesis 
density forms microcrystal silicon especially on the conditions which become high, in 
order that the crystal nucleus of a large number generated in the initial stage of membrane 
formation may interfere mutually in process of growth and may check grain growth, the 
microcrystal silicon of a crystal grain detailed as a result is formed. The photovoltaic cell 
of the characteristic using the microcrystal silicon of the detailed crystal grain as a 
photoelectric conversion layer is insufficient because of the influence of the grain 
boundary. 

[0010]This invention was made in order to solve an aforementioned problem, and it is 
**** un iform membrane formation through which it passes is possible for the 
purpose, and it is providing the manufacturing method and silicon system optoelectric 
transducer of thin film polycrystalline silicon and thin film polycrystalline silicon 
excellent in the photoelectric transfer characteristic which has a silicon crystal of a large 
diameter by a high crystallization rate. 

[0011] 

[Means for Solving the Problem]Thin film polycrystalline silicon concerning this 
invention is the aluminum-Si film mixture formed on a substrate by making a raw 
material containing aluminum and a raw material containing silicon act on the surface of 
a substrate simultaneously substantially by an activated state, At least a part is 
crystallized by predetermined heat treatment. 



[00 12] A manufacturing method of thin film polycrystalline silicon concerning this 
invention, While making a raw material containing aluminum and a raw material 
containing silicon act on the surface of a substrate simultaneously substantially by an 
activated state and forming aluminum-Si film mixture, predetermined heat treatment is 
performed during membrane formation of this aluminum-Si film mixture, or after 
membrane formation, and the part is crystallized at least. 

[0013]It is preferred to heat simultaneously in a not less than 150 ** temperature region 
500 ** or less during membrane formation of the above-mentioned aluminum-Si film 
mixture or after membrane formation. By heat treatment which carries out 
synchronization to such membrane formation, crystallinity is high and a thin-film- 



poly crystalline- silicon film of a large diameter is obtained. In manufacture of a 
semiconductor device which cannot carry out simultaneous heating during membrane 
formation, it is desirable to heat aluminum-Si film mixture in the above-mentioned 
temperature region after membrane formation. 

[0014]It has the strong point by which a membrane formation process is simplified by 
heating simultaneously with especially membrane formation. 

[0015]Since crystallization of silicon in AISi film mixture in an amorphous state would 
not fully be promoted when cooking temperature was less than 150 **, the lower limit 
was 150 **. On the other hand, since a manufacturing cost would become high since it 
becomes impossible to use cheap substrates, such as glass, and a problem would be 

economically produced if cooking temperature exceeds 500 **, the upper limit was 500 

** 

[00 16] As for the above-mentioned aluminum-Si film mixture, it is preferred that 
membranes are formed by physical vapor deposition or chemical vapor deposition which 
uses aluminum and silicon for a raw material, and more than pentatomic % contains 
aluminum below 50 atom %. Since a crystallization rate of silicon crystallization by 
heating fell when Al content was less than pentatomic %, the lower limit was made into 
pentatomic %. On the other hand, since forming components become difficult to adhere 
to a substrate face, condensed in the shape of spots (island shape) and did not become a 
film when Al content exceeded 50 atom %, the upper limit was made into 50 atom %. 



[0017]Here, physical vapor deposition means a method by which adhesion accumulation 
of the forming components (aluminum and Si) is carried out by mainly physical applied 
force to the surface of a substrate. There are a sputtering technique, a vacuum deposition 
method, the ion plating method, etc. in physical vapor deposition. Chemical vapor 
deposition means a method by which adhesion accumulation of the forming components 
(aluminum and Si) is carried out by mainly chemical reaction power to the surface of a 
substrate. There are plasma CVD method, a heat CVD method, an optical CVD method, 
the MOCVD method, the reactant ion plating method, etc. in chemical vapor deposition. 



[00 18] A reserve composite supply method is shown in drawing 1 (a), and an individual 
supply method is shown in drawing 1 (b). In a preliminary mixing method, the mixed 
deposition material 108 which mixed silicon with aluminum beforehand is set to Haas 
107. The substrate 101 is set to the substrate holder 105, and it is installed so that the 
heater 106 may be contacted. What is necessary is just the material which can be equal to 
heating with a glass substrate, a metal plate, a plastic, a semiconductor, etc. as a substrate. 
Then, evacuation of the inside of an evaporation apparatus is carried out. By irradiating 
with and heating the electron beam 1 14 to the mixed deposition material 108, the mixed 
vapor 111 containing aluminum and silicon is generated, and when this adheres to the 
substrate 101, the aluminum-Si film mixture 103 is formed. As for the mixed deposition 
material 108, if silicon is set to 1.5-35 to the aluminum 1, more than above-mentioned 
pentatomic % can make content of aluminum in the aluminum-Si film mixture 103 50 
atom %. In an individual supply method, the vacuum-plating-of-aluminium material 109 
and the silicon deposition material 110 are independently set to Haas 107 who provided 




two, and the aluminum-Si film mixture 103 is formed by irradiating with and heating the 
electron beam 1 14 to each. What is necessary is to measure an independent evaporation 
rate of aluminum and silicon beforehand, to take this ratio as an index, and just to control 
an evaporation rate of each deposition material. If an evaporation rate of aluminum is set 
to 1 and an evaporation rate of silicon will be set to 1 to 9 as a ratio of an evaporation 
rate, more than above-mentioned pentatomic % can make content of aluminum in the 
aluminum-Si film mixture 103 into 50 atom %. Thus, the mixture ratio in the aluminum- 
Si film mixture 103 is controllable with high precision by vapor-depositing aluminum 
and silicon independently. 

[00 19] At this time, resistance heating or induction heating which used a boat instead of 
may be used for heating of the mixed deposition material 108. [an electron beam heating 

] 

[0020]Substrate heating may be performed from the heater 106 simultaneously [ with 
vacuum evaporation of the aluminum-Si film mixture 103 ] as mentioned above, and it 
may heat after vacuum evaporation. 

[0021] A process of heating after forming membranes from the process SI of drawing 2 to 
S3 is shown. The process SI shows the aluminum-Si film mixture 103 formed on the 
substrate 101. At the process S2, this substrate 101 and the aluminum-Si film mixture 103 
are installed on a heating heater, and it heats with not less than 150 ** the cooking 
temperature at 500 ** or less. It is preferred to perform heating in a vacuum or inactive 
gas. Although cooking time suitable for crystallization of silicon changes with cooking 
temperature, cooking time can be shortened by making cooking temperature high. With 
heating of the process S2, crystallization of silicon progresses in the aluminum-Si film 
mixture 103, and the surface deposit aluminum 104 deposits simultaneously (process S3). 
In heating simultaneously with vacuum evaporation, these processes advance 
simultaneously with membrane formation of the aluminum-Si film mixture 103. 

[0022]It is preferred to remove aluminum which deposited on the surface of aluminum-Si 
film mixture after heat treatment by etching, as shown in S5 from process S4 of drawing 
2. Surface deposit aluminum is because a rate of photoelectric conversion of aluminum- 
Si film mixture is reduced, and is because it cannot be made to laminate maintaining high 
crystallinity when forming a silicone film further on aluminum-Si film mixture. Etching 
may be any of the dry etching method and the wet etching method. In the case of the dry 
etching method, it is desirable to use reactive ion etching. In the case of the wet etching 
method, it is preferred to use a three-sort mixing acid solution which carried out dilution 
mixing of an etching reagent, for example, phosphoric acid, containing phosphoric acid, 
nitric acid, and the acetic acid to water. It depends for thickness of surface deposit 
aluminum to an aluminum content and thickness of aluminum-Si film mixture strongly. 
Usually, since thickness of surface deposit aluminum becomes thicker, so that an 
aluminum content increases, and as thickness of aluminum-Si film mixture becomes 
thick, the etching removal effect of this shows up notably. 



[0023]The above process enables it to crystallize silicon at low temperature 
comparatively, and crystallinity can obtain thin film polycrystalline silicon of a large 
diameter by low cost highly. 

[0024]A method for film deposition by a sputtering technique is shown in drawing 3. A 
reserve composite supply method is shown in (a) of drawing 3 , and an individual supply 
method is shown in (b) of drawing 3 . 

[0025]In a preliminary mixing method, the aluminum / silicon mixing target 208 which 
mixed silicon with aluminum beforehand are set on RF electrode 211. The substrate 101 
is set to the substrate holder 205, and it is installed so that the heater 206 may be 
contacted. What is necessary is just the material which can be equal to heating with a 
glass substrate, a metal plate, a plastic, a semiconductor, etc. as a substrate. Then, 
evacuation of the inside of a sputter device is carried out. Subsequently, argon gas is 
introduced in a high frequency sputter device from a gas inlet. High-frequency power is 
supplied to RF electrode 211 from the power supply 213 through the capacitor 212, and 
the argon plasma 207 is generated. Argon ion in the argon plasma 207 is accelerated in 
the target 208 direction, By carrying out the weld slag of the target 208, aluminum and 
silicon are spread in the argon plasma 207, and when this plasma 207 touches the surface 
of the substrate 101, the aluminum-Si film mixture 103 is formed. If aluminum in 
aluminum / silicon mixing target 208 and the mixture ratio of silicon are adjusted, more 
than above-mentioned pentatomic % can make content of aluminum in the aluminum-Si 
film mixture 103 into 50 atom %. In an individual supply method, the aluminum target 
209 and the silicon target 210 are independently set to RF electrode 211 provided two, 
The aluminum-Si film mixture 103 is formed by supplying high-frequency power to each 
from the power supply 213 through the capacitor 212, and generating the argon plasma 
207. At this time, more than above-mentioned pentatomic % can make content of 
aluminum in the aluminum-Si film mixture 103 into 50 atom % to setting the aluminum 
target side to one for high-frequency power supplied from the power supply 213 by 
making the silicon target side into ranges from 0.8 to 8. 

[0026] At this time, even if a high frequency sputtering technique may be used for a 
sputtering technique and it uses a direct-current sputtering technique, the same membrane 
formation is possible. 

[0027]It is also possible to perform heating under membrane formation and after 
membrane formation and etching of surface deposit aluminum like above-mentioned 
vacuum deposition. 

[0028]Plasma CVD method in chemical vapor deposition is shown in drawing 4 . The 
substrate 101 is set to the substrate holder 305, and it is installed so that the heater 306 
may be contacted. What is necessary is just the material which can be equal to heating 
with a glass substrate, a metal plate, a plastic, a semiconductor, etc. as a substrate. Then, 
evacuation of the inside of a chemical vapor deposition system is carried out. 
Subsequently, aluminum material gas and silicon raw material gas are introduced from a 
gas inlet. It is also possible to double and introduce hydrogen into these mixed gas. 



Although it is generally preferred to use organic system gas, such as aluminumfXI^Hs) 3 
and aluminum(CH3V3 g ,as for s,ource~ga&ai^ An aluminium 

chloride (AICI3) an d inorganic syste m gas lik e AIH3 can also be used! It is preferred to 
use silicon hydride gas and chlorination gaseous silicon, for example, Silang and a 
disilane, for source gas used as a silicon raw material. As for flow rate of silicon raw 
material gas to aluminum material gas, it is preferred to use 50 to 99% of range. Although 
a pressure in particular in a device is not specified, plasma needs to consider it as 
conditions generated uniformly. For example, it is preferred to use 10 or less Torr of 5 or 
more mTorr in high frequency plasma CVD method. High-frequency power is supplied 
to RF electrode 308 from the power supply 310 through the capacitor 309, and the plasma 
307 is generated. When this plasma 307 touches the surface of the substrate 101, the 
aluminum-Si film mixture 103 is formed. If the mixture ratio of aluminum material gas 
and silicon raw material gas is adjusted, more than above-mentioned pentatomic % can 
make content of aluminum in the aluminum-Si film mixture 103 into 50 atom %. 

[0029]Although a capacitive coupling type high frequency plasma process was used for 
generating of the plasma 307 at this time, an inductive-coupling type plasma process, an 
electron-beam-excitation plasma process, a electron cyclotron resonance plasma process, 
a direct-current-plasma method, etc. may be used. 

[0030]It is also possible to perform heating under membrane formation and after 
membrane formation and etching of surface deposit aluminum like above-mentioned 
vacuum deposition. 

[0031] A mimetic diagram of a silicon system optoelectric transducer is shown in drawing 
5. A silicon system optoelectric transducer concerning this invention is an optoelectric 
transducer which has the thin-film-polycrystalline-silicon layer formed on a substrate by 
making a raw material containing aluminum and a raw material containing silicon act on 
the surface of a substrate simultaneously substantially by an activated state, Thickness is 
in the 0.5 -micrometer or more range of 10 micrometers or less. 

[0032]It is preferred to have the aluminum-Si film mixture which has a crystalline 
substance as the 1st layer (crystal-nucleus layer), and to have the silicon thin film formed 
as the 2nd layer on it. In this case, the 1st layer (crystal-nucleus layer) has that thickness 
in the not less than 10-nm range of 1000 nm or less, and it is preferred that a volume 
crystallization rate is not less than 70%. Since it stopped having functioned as thickness 
of the 1st layer being less than 10 nm as a p type semiconductor layer, the lower limit 
was 10 nm. On the other hand, since the 1st layer did not have a merit even if it made it 
thicker as a p layer of the pin junctions than i layer, upper limit of thickness was 1000 
nm. 

[0033] Al content of more than 10 18 is below 10 21 individual cm" , and, as for the above- 
mentioned aluminum-Si film mixture, it is preferred that a p type semiconductor 
characteristic is shown. Since it stopped having shown the operating characteristic of a p- 

18 -3 

type semiconductor when Al content was less than 10 individual cm" , the lower limit 
was made into 10 18 individual cm" 3 . On the other hand, since a defect in a film would 



increase and a function of electrical conduction would fall if Al content exceeds 10 
individual cm" 3 , the upper limit was made into 10 21 individual cm" 3 . 

[0034]As for thickness of an optoelectric transducer, it is preferred to consider it as the 
0.5-micrometer or more range of 10 micrometers or less. Since optical absorption in a 
photoelectric conversion layer became small and generation efficiency fell when 
thickness was less than 0.5 micrometer, the lower limit was 0.5 micrometer. On the other 
hand, since membrane formation took time and a manufacturing cost had a fault which 
becomes high when thickness exceeded 10 micrometers, upper limit was 10 micrometers. 

[0035] 

[Embodiment of the Invention]Hereafter, various desirable embodiments of this invention 
are described with reference to an attached drawing. 

[0036] (Example 1; vacuum deposition method) Example 1 is described, referring to 
drawing 1 and drawing 2 . In this example 1, thin film poly crystalline silicon was formed 
on the silicon substrate using the vacuum deposition method. In Example 1, the reserve 
composite supply method ((a) of drawing 1) was used. 

[0037]The 1.1 -mm- thick glass substrate 101 was set to the substrate holder 105 of a 
vacuum evaporator, and it installed so that the heater 106 might be contacted. The mixed 
deposition material 108 of aluminum and silicon was set to Haas 107. In this example, 
the mixture ratio of aluminum of the mixed deposition material 108 was made into 50 % 
of the weight from 0 % of the weight. Then, the preliminary exhaust air of the inside of a 
vacuum evaporator was carried out below at 10 " 6 Torr. The mixed deposition material 
108 after evacuation and in Haas 107 was irradiated with the electron beam 1 14, the 
deposition material 108 was heated, and the aluminum-Si film mixture 103 was formed 
on the surface of the substrate 101. In this example, heating of a substrate was not 
performed during membrane formation. The substrate 101 was taken out from the 
vacuum after membrane formation. The range of the thickness of the aluminum-Si film 
mixture 103 was 440 to 6500 nm. When the aluminum mixture ratio in aluminum-Si film 
mixture was measured by secondary ion mass spectrometry and X-ray photoelectron 
spectroscopy, it was from 0atom% to 21atom%. 

[0038]In order to heat-treat the aluminum-Si film mixture 103 furthermore, the substrate 
101 was installed so that the heating heater 1 15 in vacuum devices might be contacted. 
Evacuation of the inside of vacuum devices was carried out, and the degree of vacuum 
was made below into 1x10 " 8 Torr. The substrate was heated from 150 ** to 375 ** with 
the heating heater 115. Cooking time was carried out to from 5 minutes to 60 minutes. 
The silicon in the aluminum-Si film mixture 103 on the substrate 101 was crystallized by 
this heat- treatment, and the thin-film-poly crystalline-silicon film 102 was formed. The 
surface deposit aluminum 104 deposited and the layered product 100 was formed 
(drawing 2 : processes S1-S3). 

[0039]Then, it etched in order to remove the aluminum 104 which deposited on the thin 
film polycrystalline silicon 102. It etched by dipping the layered product 100 in the 
mixed solution of phosphoric acid, nitric acid, acetic acid, and pure water which were 



heated at 50 **. phosphoric acid: — nitric acid: — acetic acid: - it mixed at a rate of pure 
water =16:1:1:2. After etching, when pure water washing of the layered product 100 is 
pulled up and carried out and it was dried from the solution, the layered product 100 to 
which only the thin film poly crystalline silicon 102 exists on the substrate 101 was 
obtained (drawing 2: process S4-S5). 

[0040]The relation between the cooking temperature of the aluminum-Si film mixture 
103 and the Raman ratio is shown in drawing 7 , and the relation between the cooking 
time of the aluminum-Si film mixture 103 and the Raman ratio is shown for the relation 
between the mixture ratio of aluminum in the aluminum-Si film mixture 103, and the 
Raman ratio in drawing 6 at drawing 8 , respectively. Here, the Raman ratio says the ratio 
of the signal strength of 480 cm-1 to the signal strength of 520 cm-1 at the time of 
carrying out Raman scattering spectrometry of the thin-film-poly crystalline- silicon film 
102, and shows the crystallization rate of the thin-film-polycrystalline- silicon film 102. 
As a result of carrying out section transmission electron microscopic observation of the 
thin-film-polycrystalline- silicon film 102, the particle diameter of the crystal of the 
silicon in a silicone film was about 500-nm thing. 

[0041] (Example 2; sputtering technique) Example 2 is described, referring to drawing 3 
(a) and drawing 2 next. 

[0042] aluminum-Si film mixture was formed in this example 2, performing substrate 
heating during membrane formation using a sputtering technique. 
[0043]The aluminum-Si mixing target 208 was installed on RF electrode 21 1. In this 
example, the aluminum mixture ratio in the aluminum-Si mixing target 208 used the 
thing of 6atom%, 20atom%, and 35 atom %. The substrate 101 used the glass substrate. 
The substrate 101 was set to the substrate holder 205, and it was installed so that the 
heater 206 might be contacted. The preliminary exhaust air of the inside of a high 
frequency sputter device was carried out before membrane formation below at 3x10 " 
6 Torr. 

[0044]Subsequently, argon gas was introduced in the chamber of a high frequency sputter 
device from the gas inlet. Chamber internal pressure was adjusted to 0.75x10 " 3 Torr. 
High-frequency power was supplied to RF electrode 211 from the power supply 213 
through the capacitor 212, and the argon plasma 207 was generated. Thereby, the weld 
slag of the silicon was carried out to aluminum from the aluminum-Si mixing target 208, 
and the aluminum-Si film mixture 103 was formed on the substrate 101 surface. 
Membrane formation was performed heating a substrate at 375 ** from the heater 206. 

[0045] Aluminum and silicon in a film reacted simultaneously with membrane formation 
by this heat-treatment, and crystallization of silicon advanced. While the thin film 
polycrystalline silicon 102 was formed in the substrate 101 side with advance of silicon 
crystallization, the aluminum 104 deposited in the surface side and the layered product 
100 was formed ( drawing 2 : process S3). 



[0046]The layered product 100 was taken out from the sputter device after membrane 
formation, it etched until all the surface deposit aluminum 104 was removed, and the thin 
filmpolycrystalline silicon 102 was exposed on the surface of the layered product 100. 
Etching was performed by the same method as Example 1. The layered product 100 100 
in which the deposit aluminum 104 does not exist by this, i.e., the layered product to 
which only the thin film poly crystalline silicon 102 exists on the substrate 101, was 
obtained ( drawing 2 : process S4-S5). 

[0047]Correlation of the aluminum mixture ratio in the target 208 and the Raman ratio of 
the thin-film-polycrystalline-silicon film 102 is shown in drawing 10. The silicon particle 
diameter of the thin-film-poly crystalline-silicon film 102 was about 500 nm. 

[0048]Thus, according to this example, it became possible to crystallize silicon in a low 
temperature region, and crystallinity was able to obtain the thin film polycrystalline 
silicon of the large diameter by low cost highly. 

[0049]Although substrate -heating processing was simultaneously performed during 
aluminum-Si membrane formation by the sputtering technique in this example, the same 
result was obtained even if heat-treated after membrane formation. 

[0050] (Example 3; plasma CVD method) Example 3 is described, referring to drawin g 4 
and drawing 2 . 

[0051]This example shows the example which heat-treated aluminum-Si film mixture 
simultaneously during membrane formation by plasma CVD method. The substrate 101 
was held by the substrate holder 305, it installed so that the heater 306 for substrate 
heating might be contacted, and the inside of the chamber of an RF plasma CVD system 
was exhausted to the 5x10 " 7 Torr grade. Silang (SiH 4 ), hydrogen (H 2 ), and an aluminium 
chloride (AICI3) were used as material gas for membrane formation. The flow of Silang, 
hydrogen, and an aluminium chloride was controlled and supplied to 7sccm, 300sccm, 
and lOsccm via the massflow controller (not shown), respectively. In this example, the 
flow [ as opposed to 1.2% and an aluminium chloride in the flow rate of Silang to 
hydrogen ] of Silang will be 70%. The pressure in a membrane formation tub was held to 
O.STorr. 

[0052]The discharge plasma 307 is generated between the heater and earth electrode 306 
and RF electrode 308 which supplied high-frequency power to the electrode 308 from RF 
generator 310 through the capacitor 309, and installed the substrate 301. By generating 
the plasma 307, material gas was decomposed, active species (radical) was generated, 
and when this radical reaches and adhered to the surface of the substrate 101, aluminum- 
Si film mixture was formed. The substrate 101 was simultaneously heated at 375 ** with 
the heater electrode 306. Aluminum and silicon in aluminum-Si film mixture reacted by 
this heat-treatment, and crystallization of silicon advanced. While the thin film 
polycrystalline silicon 102 was formed in the substrate 101 side with advance of 
crystallization of silicon, the aluminum 104 deposited in the surface side (drawing 2: 



processes S1-S3). Thereby, the layered product 100 was formed. 



[0053]The layered product 100 was taken out from the plasma CVD device after 
membrane formation, and this was carried in to the etching device. Etching was 
performed like the example of Example 1. The layered product 100 100 in which the 
deposit aluminum 104 does not exist by this, i.e., the layered product to which only the 
thin film poly crystalline silicon 102 exists on the substrate 101, is obtained ( drawing 2 : 
process S4-S5). 

[0054]The Raman ratio of the thin-film-polycrystalline-silicon film 102 showed 60 as a 
result of this example. The silicon particle diameter in the thin- film-poly crystalline- 
silicon film 102 was about 500 nm. 



[0055] At the same time according to this example it supplies simultaneously the gas 
sauce having contained aluminum and the gas sauce having contained silicon in 
manufacture of thin film polycrystalline silicon and forms aluminum silicon film mixture 
with high frequency plasma CVD method, By heat-treating, it became possible to 
crystallize silicon and crystallinity was able to obtain the thin film polycrystalline silicon 
of the large diameter highly cheaply at low temperature. 

[0056]Manufacture of the silicon system optoelectric transducer which has thin film 
polycrystalline silicon is explained referring to (manufacture of an example 4; silicon 
system optoelectric transducer), next drawing 5 . 

[0057]The thin film polycrystalline silicon produced by the method of the above- 
mentioned Examples 1-3 shows a p type semiconductor characteristic, in order that 
aluminum may 10- 18 — 10- 21 -cm-" 3 -mix and may act as a doping impurity. This thin film 
polycrystalline silicon can be used as a crystal-nucleus layer of a ground as a p layer by 
an optoelectric transducer. Crystallinity is high and the thin film polycrystalline silicon of 
a large diameter can be made to contribute to the increase and the improvement in crystal 
quality in the particle diameter of silicon which are formed on it by using as a crystal- 
nucleus layer for polycrystalline silicon formation. 

[0058]This example explains the case where it uses as a crystal- nucleus layer of a 
ground. The transparent conducting film 402 is formed with a heat CVD method on the 
glass substrate 401. SnC>2 (tin oxide), ZnO (zinc oxide), ITO (indium stannic acid-ized 
film), etc. are used for the transparent electrode film 402. The thin film polycrystalline 
silicon 403 is formed by one of techniques among the above-mentioned Examples 1-3 to 
the transparent electrode film 402 side of the glass substrate 401 which formed the 
transparent electrode film 402. Here, etching removed the aluminum which deposits on 
the surface by heat treatment. As thickness of the thin film polycrystalline silicon 403, 
not less than 10-nm a thing of 1000 nm or less was used. The volume crystallization rate 
used not less than 70% of thing. 

[0059]Subsequently, the thin-film-polycrystalline-silicon p layer 404 which has the same 
conductivity type as the thin film polycrystalline silicon 403 on the thin film 



polycrystalline silicon 403 was formed with plasma CVD method. Material gas used 
diborane (B 2 H6) etc. as doping gas using Silang and hydrogen. Plasma used the 
capacitive coupling type high frequency plasma process. 

[0060]Thus, by forming membranes on the high crystalline thin film polycrystalline 
silicon 403, the high crystallinity of the thin-film-poly crystalline- silicon film 102 used as 
a ground was able to be inherited, and the good polycrystalline silicon p layer 404 of 
crystal quality was able to be obtained. When the doping impurity concentration of the 
polycrystalline silicon p layer 404 produced makes it less than the doping impurity 
concentration contained in the thin film polycrystalline silicon 403, the concentration of 
doping gas here. The Back-Surface-Field (BSF) effect can be acquired and it is thought 
that it can contribute to improvement in the photoelectric conversion efficiency of an 
optoelectric transducer. 

[0061]Furthermore, Silang and hydrogen were used for material gas with plasma CVD 
method, similarly after that, the polycrystalline silicon i layer 405 was used as material 
gas, phosphine (PH 3 ) etc. were used as Silang, hydrogen, and doping gas, and the 
polycrystalline silicon n layer 406 was formed. Since crystallinity uses the polycrystalline 
silicon of the large diameter for the ground which a polycrystalline silicon i layer and a 
polycrystalline silicon n layer form similarly highly, Furthermore crystallinity was able to 
obtain a high large diameter and high silicon power generation layer of crystal quality, 
the transparent conducting film 407 was formed on the polycrystalline silicon n layer 
406, the aluminum film was formed as the metal-electrode film 408 as an extraction 
electrode of electric power, and the optoelectric transducer was created. Although 0.5 
micrometer - about 8 micrometers were good as for the thickness of the polycrystalline 
silicon i layer 405, in this example, it could be 8 micrometers. Although 0.01 micrometer 
- about 0.5 micrometer were good as for the thickness of the polycrystalline silicon n 
layer 406, in this example, it could be 0.03 micrometer. 

[0062] As a result, the optoelectric transducer with one about 1.5 times the conversion 
efficiency of this was able to be created to the photoelectron sensing element created 
without using the thin-film-polycrystalline-silicon film 102. Thus, it is thought that the 
produced optoelectric transducer was able to raise photoelectric conversion efficiency 
since it became possible for the crystal grain diameter of silicon to lessen the defect in a 
film greatly, and the career recombination in the interface of silicon crystal grains was 
controlled and the diffusion length of a career became long substantially. 

[0063]Thus, by forming a polycrystalline silicon p layer, a polycrystalline silicon i layer, 
a polycrystalline silicon n layer, a transparent conducting film, and a metal-electrode film 
in order on thin film polycrystalline silicon according to this example, Crystallinity could 
obtain the silicon power generation film of the large diameter highly, and was able to 
produce the optoelectric transducer of high photoelectrical antipathy efficiency. 
[0064] 

[Effect of the Invention] According to this invention, the membrane formation which was 
excellent in thickness uniformity to the large area substrate is possible, and the thin film 



polycrystalline silicon which has a silicon crystal of a large diameter by a high 
crystallization rate can be obtained. The optoelectric transducer which has the thin film 
polycrystalline silicon of this invention can be manufactured by low cost while it is 
excellent in the photoelectric transfer characteristic. 
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i if K ^K103F^<7)T^ 5 A^#i^±M<50 5 M=F% 
ULt 5 0 WTlk th^k 1fiX% Z. cr> i. o [ZT)V S 
-^Afc^UaySSl^fcaMN-iifcfciOAl -S 

So 

[0019] ii^*«^108<50jpaftfc{4* 

^ AjnjKKOfc*) o (c , h * ffl v tiusaaifiRifc 4 

[00 20] ±5tO ± aiCAl-Si a^KKB 

[00 2 1 ] H2cOIgS 1 S 3 IZfSJgmz tmi- 
M d tfrt. IfiSl "CliiSKlOlit^ISS titz 
a i - s i m&mas&^rt. lSS2t\ zcoMMm 
Ul-Si ?i-^Hl03^JiiSftb-^±fclS«L, 1 5 

o , cja±5 o ox^T^MMs*"cihfi»-^4. tmi±M 
htK mfmaiitii^h z. kizx nmmmrsimm-t 

hZkffiX-^h, n^S2<OJrt»fcJ: 1 5. Al-SiiM 
r;l-S-^A104^'ffttiLT<4(IgS3) o ^*t|5l 

i^rfcMRiif a*^-{ctt, a i - s i m^mo3c7>®m 

[00 22 ] H2C9IgS4#>£> S 5i,Z7FCt XolZ^ 

raaafctj^-c. a i - s i m^m^msiz-mm Ltzr 
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^. SMfjfmT^5-^A(±. a i-s i^m^xn 
^mma&r^i>^hxh o , a 1 - s i atefLtt 

S 6 y U rJ y §1 fcjSfW-* I^c© V t 

t mm s ■£ h i t =ar t & -c* & . x -y f - y m 

>f :tyx.yf-yX2rffll">S£ k^H£ U\ *>x -y hx 
tt. A 1 - S ia^JRtfDT^S-^A*«kJB»fct 

fur-tiiiir. a i -s im&me>mz&m<%: 
tut &■ h \ s t'mmvftHT)v s x ^ a <7>ip § j&sjp < ^ a 
t\ <r n<7)x .y f - y^m^sfts^stii^fL^ „ 

[0023] ELbaigfc: «fc *} , it««ffiiBT^ 'J =J y 

£0*1 H^^y U =? y x h T'lf 4 £ f: l> . 
[0024] 13 iZX^-y 3>miZ i SdtflStSrffifcOWC 
030 (a) 03(0 

[00 25] Tff^Tj^Ttt, lWBa««211_hfca 

sarttWA-r* . nji&ma2ii^3yry- i f2i2Sra 

-?207£iS£$-£.g> . rtv-dyrr^x^m^mrfv^fy 
*y&?—y*y h2o&jjmzmm£ti, b2os 

3rx;\° y Z blzi. OT^S A t y U r? y tfr 
;Hf yT5Xv2074J^fitlS[ L , .1 OX 7 Xv207j{j*M£ 
101<0*fflte*M-4 dttciDAl-Si $I£-&103#*j£ 

«r;R fc •/ u 3 y^s-&j:t^ Iltftlf , ai 

- s i m&mmpwT>v s -^^co^m^i^co 5 

HPFXEU: 5 0 M=F% b-thZb #**C £ S . «J«*£7j 5£ 
Tli. 2-^IS(t^«JIIi*mffi2ll(:SiJ« 1:7/1/ 5 x*>a 

^-y<y h209SV'yy 3 y^-y.y h210£-fe>y h L, 
* a-e'ntcrj y^y+J-212§rjI LT*ii2l3*^&MIfe« 

i *) , A 1 - S i M-^ffil033&Jfig|R§il5 . £ CDi; # , 
«1®2 13j6» 6 S n & »ffliim.jJ & 7*;P 5 x ^ A ^ - 
y-y hfiljtr 1 k-rSOKyrtLT. j/'Ja^-^ Mil 
SrO. 8*^8 4T«©Hi;-rS<!:i;t J: 0 A 1 - S i 



±50 M^xfc-r* - 1 § . 

[00 26] £<?)£;#, XA- 7 ^^;iiitJliX^7^ 

[0027] iMcommmbmMizi&mtpRxs 

[0028] H4 tftf^ffiiCfctt&T^XvC VD 
ffi2r^t-. *^101{i:S«^/PX305t-b -y h L. b-^ 
306CCSM-TS J: oizmMtZ, mUb LXlttf^^M 

T/PSx^AMWt^SV-X^XJS. -^K&tJtc 
(SAl (C 2 H 5 ) 3 , Al (CH 3 ) 3 iiMil» 
Srffl^S£i:*«LV^\ JS^T/l^Sx^A (A 1 C 
1 3 )^A1 H 3 co£o%mMM#X$:m\^Zbt>T%- 

;t«u\ § c . ^srt oj±7j im izms£f h 

(eSse** h o ^Jx. K'SJIIiSX^ XV C V Di^tli 5 mTor 
rliLhl OTorrJ3lTfc:i"4ii:36«#4L,V^ ©Ml»«a3 

08t; 3 y -r y-f 309 Sr a l x mmwfr h »mmm^ 

*&L. X7Xv307^^§it^» £OX7XV307*« 

«^it^iraswi\ a i — s i m&m<&n<7>T)v 

[0029] £<7)i:§. r9Xv307tf5»±fcSEJHS^ 
M« ftJSfeX 7X7£&I^fci\ BI*IS-&ffiX 9 X-? 

HIT 5 X vffi , BStr 9 X v %m V vc ft v \ 

[ o o 3 o ] § iMcommmbmmizf&wi^Mfi 

f&m&<vM?i>k. $mffi RT/v S -wm -y f-y XSrff 

[oo3i]H5t^>j3 y^^m^ms^ wmia^ 

xi7A£#t?MWk y U nyj^Mflt SSSttflsKJII 

x*mmmzmmzmucomwt l zftm%-£& ^bizx^m 
tiLtizf&mztLtzmmzi&gki'V 3>matr*%MX 
mm^-xh o . mm^ o. 5m mpxt i o ^ mj^T^K 

[00 32 ] m 1 OS mUMM ) b LX&ghM 
^S«A 1 - S i U ^«±tSl2oai: 
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ISlcoJg (i&!M£ff) li, 1 0 

n raia± 1 0 0 0 n m&T'OSEHtJ) 9 - fHnHh!frft& 

# 7 o xtxtx-h * £ t a**?* u * . mi nmnmw-tf 

1 0nm£TI3&tpffl¥»#:SfcLTtt«gL&<&.I> 
»T\ ^WTPfiffiSr lOnmtLt. — 3u SlfOBIi 
p i nm-ScDo-h&pmt LX ifgi. 0 tJ¥< LTi>J* 
U 'y hs6*3rV^T, MJ¥«±Kft* lOOOnmtL 

[0033] ±tz, ±IBA 1 - S i a^fl»i, A 1 
mn 0 18 JiLLl 0 2 MIcm- 3 JilTT'l : > i 9. pIO^I 
*^l42r^-T £ fc tftf 4 U A 1 1 0 1 8 ffl c 

m-3£T0£t, pffl^ffr^iW ! ffft£*£ : Sr< : S:-S> 
^CDTRBffiSr 1 0 18 fflcm-3i; Lfz, —77. Al 
1 0 2 1 ffl c nr 3 £±0 £ i: . M^O^FlS^tiJD 
U «»®»0««bWI£T-*-4feft» ^±Pj|ffi£ 1 0 
21 fie m" 3 b L?Z, 

[0034] ytnm&m^mmte. o. 5m mm± 1 o 

-7f . mmtfi i o M m ^±0 s t . jmtzvmwm* 
<o. mm3xhrf-m<%&x&$:^~t6cr>x\ ±mmz 

1 Oumb Lfz„ 
[0035] 

[0036] (mmmi n^mmm) m im?M2* 
mm-w^mm 1 £-^T»r s . i t* 

3 y * jjEK t . njfeM i xn^mm^m^u^ ( h i 

CO (a) ) fcfflvvfc. 
[00 37] *SM*KS«*«^;t-^ 
1. 1 mm«^7Xll 1 0 1 ^ -t 7 M, b — ^106 

tzmM-f& X 3 fctSB L£ . ^—x 1 0 7 ^{±T;P 5 - 

^j»b>-v?><Dm.-$mmttmi 08H7 hbtz, * 
mmmximsmmmimcDTJi- s -^-^M-s-itti: 

011Sj5^5 01I%J:U. jt£3S#HS 
1*1^1 0-6TorrmT^fI#mL^» ISilfl, ^~ 

^#*fWl08*jDl»LT»Kl01c?)«ffi±CA 1 -S i£ 

JWifT*>2r*»ofc. ili, fflK101*Jtffi*»^JR"5aj 
L?t. A 1 - S i ?l^-JK103tfOKJPi44 4 0nmj&»4> 6 5 
0 0 n mcr>m$X*fo-??z, A 1 - S i WcbfRtpn 

£*)M%.Ltzbz\?>. 0 MTXfr <3 2 1 M 

[0038] SfefcAl-Si ii-^Ml03^ Jn^Mat" 



K£JK£ lxi o^Ton-JSTFteLfc. intffcb-*ll5fc: 
«k 1 5 0°Cj5>£> 3 7 StJfcJlflRLfc. MfcHSIS 

tt54h&»6 6 oMrt Lfz. z\cr,immtmzx dms 

101±«A 1 -S iM^mi03^coyV ayim&lkL. 
(112 :IgS 1-S3). 

[0039] «K#iSA^u 3yio2±t*faj 

L^7;l/5-'?A104l:i*t| 1 tfttX7f>^^fT 
WJi*100*5O'CfcliififtL,fcy>'K, Sftif , P 

»:«»:»»:«*= 1 6 : 1 : 1 : 2 ^ftj^tii^ t 

3 yi02^)^*i'ffft-rSOT#:100jt)q#^n^: (H2 :Ig 
S4-S5). 

[0 04 0] EI6CA 1 -S iU-^Ml(B t ¥(OT/l^ — 
^M>CDM-£ltb7-?>ttbcDmi&£ . MHZ A 1 -S i 

^mmcomm^b y^yttbeomm^, msiza 
i -s iu-^mm^immmb^yitbcom^^ 

iX^t^rf. z\z\X\ \7~?>ltb\Z. HW^»A^U3 
y]Rl02t5v>'liaH.4»teMSLfc«^ttJ»t4 5 2 0c 
m-l60ft-^3i«tcM-r S 4 8 0 cm-l^fi^^^Jt S" V > 

v ^ , mm^mih^ v 3 >Mio2<7)^ H H rft*^^ t w 

%Lmi%)5 0 0 nmgSWtOTi)^^. 
[004 1 ] (HtfcH2 ; <Jtt:H3 ( a ) 

[0042] ^aiW2Tli^ , «y^ffi*fflV^TflEK* 

izmmam^n^t^A 1 -s i^jR^isjRLfc. 

[0043] SfflaWElliKlA 1 - S i ^^-^ 

v h208siaiLfc. *mmmx'i±A 1 - sii^- 

y«y N2084K7)T^5-'>A^it(i6M^%. 2 01 
^%fcbLS'35M^«t<7)^fflV^. ^«101{±^'7XS 

«tfflv^3t. mmmi±mm.^r205i l z^'y bhx, b 

[0044] ^*AP J; TOTJV^yjfxZm 

m%tXJ ^ -y ^ SBc 7 )^ y> N'F^It^A L tz „ f^rW^ 
J±i±0 . 7 5X1 0- 3 Torr L^. «MiSl:ffi2 1 
It3yf>t2 1 2SraLTSll2 1 3*^ftJl?g« 
7J2rfft|^L. r^=fy7"5Xv2 0 7*SteS-*t. £ 
#UCiOs A 1 - S i^-yyh208*>67A'S- 
7Aty'J3 y^'XyN 0 -y ^ $fLTS«101*ffi±t A 1 
- S i 8te«1033W81lS#lfc. «±b-^206j; 

[0045] iWWRMSIfcJ: OfilclKt Hl^fcJHtfi^T 
;k 5 A i; ^ U 3 y b j^TO L . y'Jn > Oteftft** 
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afftfc. y y a ytsjHbcoafefftff^aaR 1 o 1 ntc 

Wm^&>- U3yl02 #JB£3;h.4 fc fc fc iSE 
SiXft (!2:IiS3) „ 

[0046] fiML ^gfi*^ffijg#: 1 0 0 £ 

a i o 4 wfitL^v^JB* ioo, -t^h-hmm 1 0 

l ifcWiliHift^ U 3 y l o 2 

10 0^11^ (I2:IIS4-S5) „ 

[0 04 7] 01 0l,Z?—yy h208tp<?)T>V-$—i7J>. 

M-^Jt t mmm^y u a y 11102^ 5 v yjt^fflia^ 
. a ft , anally y a ^1020 ^ua yes 

fil^5 0 0 nmtint. 

[0048] i t0 «fc a fc#SBlfcWfc ±*Uf , ffib^KK 

X'i/ 'J a y fcJ&IMfcS-fri - fc s&^TtBfc* 0 s fih&tta* 
ft < *&S^?f K^S^y U 3 b i b 

tfX'^tz, 

[0049] ift , *H*WT'(iX^' .y ^ffit i 0 A 1 

tjwisff^ t h nm^mmm h ntz . 

[0 0 5 0] (HJ6#IJ3 ; 7?X7CVDffi) H4Stf 

[0051] ^aiswnir^^vcvDffitiftjsiB 

*tA 1 -S ifi^K*R*fcJnJ»JHIUfc«*Srr. 
3HR10 1 £»£*^3 0 5ti^ftftL, S^JdM 

7CVDgl«ft>A'f*l?: 5X1 O-^TorrfUKlfc-CSE 
MLft, fRJHffl^JBH^i: Uy7> (SIH,), 
(H 2 ) , mfcr/VS-VA (Al c l 3 ) zm^ 
ft„ y^y, iM:T/l^$— ^A«#f[M(±7x:7n 
-nvho— 5 Z-frLXZti^ti, 7 sec 

m, 3 0 0sccm, 1 0sccmtC§MtTffi^tft:„ *HJS 

#rm, y 5 y^SEfiJttfi. 2%. js^ 

ft , fiJcMff l*I«JE7jii 0 . 5 T o r r fc«J# Lft . 
[00 52] WM3 08lZZ?y?y^-3 0 9§riILTft 

m%m.M3 1 03&»fe*fiiiw*tflBftLaHR3 o 1 &r 

B Lft fc - ^Mgift'Sffi 3 0 6 b sMiftSS 3 0 8 b CO 
Wi77XY3 0 7^^^„ 75X73 0 7 

fHHfcSBiLTft**-* z\ b tc=fc 9 A 1 — S i Mb-IK** 
ffMSftft. HB$(Cb-*MB06fc ± 9MU0l£ 3 7 
5°ctcJn»tft„ 2:tf0SD»Ma(Cct 0 a i - s i 1^1 

Jfrfb&**fr t ft . y'Ja y c9t&JMb*>*ff fcff v 1 
0 1 HWiiy y ay l o 2 *qpjSS#t* fc fc 



fc, SIM mziiT/V- 5 -*7A 1 0 4 j&«BfJH tft ( H2 : 
Igs l ~s 3 ) . Zixtz i 0«JB*1003WBjfiS*i 

fto 

[00 53] 77X7CVDglA^»Iftl 
OOfcKOajU iix^x-y^y^afcHSALfto x 

mS-^Al 0 4se«flq£L*VVHHM(cl 0 0, -fit 
h^mm 1 0 1 ±.lzM H^feHy U a y i o 2 O^sff 
^SWJlttl 0 0#'#£>*U> (l22:IgS4~S 
5) . 

[0054] *mtm<rtt&. wm§msk^ y a yjnio 

2c7)y~?ytm6 0£^Lft, *ft, »R^tSA^ 'J n 
yjR102«f» o y U a yfifKi^ 5 00nmtii^. 

[0055] ^mmmizxtuf. aKi«sA^u ay» 
3 y £ - tx ft a y - x * mmzms lx ~m m&r y x 

7CVD mXT)V S^A-yij3 y»£K & «BW* 

t nmz^ mmsmth z b iz i o , y u a y ^gn,^ 

S@to?lM^fe B 3 B y U a y iH#.£ d ft . 

[0056] ( hmm4 ; y y a ymxm&mm^cDm 

it) <^fc, S5^#HBt^*^»M^ffiyyay^fl- 
>t& y y 3 y^«^»»^offlitfcov ^ lK0J-ri> . 

[00 57] ±IBO*ft^J l-3«MW!Lt»I 
Wbv'J ay{±, T^S-^A^'l 0 18 ~ 1 o 21 cm 

3 MXL N'-ty^iftt LT^ffl-f-^ftftfc, pI 
t04^»#:^tt^^t-. 2:t0ffM^ B s B yy3y(±, 3m 
SBH»?T(iP*fc LTftiv^iTaraBASWi: LX 

y y a y^ ^s B B B y y a ym^tz^m^MMb lx 
m\**zb x\ ^^nztfzmztLZ, y y a yoss^it 

[00 58] *SUfiM-C1iTffl«^ B e B Silfc LTffl^S 

lll4 0 2*S»CVDifcfcJ:OriEBW-*. SBfl««4 0 
2CliSnO ! (iWfca) , ZnO (ffiMiS) , IT 

2 *)tiiLft77"5x*K4 0 1 commm^m4 o 2wtc 
±ianffiM i-3«3 -^-m^^£T«K^s,r B y 

yay4 0 3Sr)xScMt--2.o i i 7?\ 9Mmi£ i. 0 

waiLT:< sr/t-s-^A^x-yf-y^fci 

ft. ift, f»n^*s,p B yyay4 0 3^)ifffcLT:«ii 

0 nmJilhl 0 0 0 nmlilTtOiW^fflVift. S^fc, 
*WIS b b b^*^ 7 0 %a±C0 fc CO^fflV ^ft . 
[00 59] JJC^T, WR^ISa^U 3V4 0 3±fc, 
»M^te B H B y y a y 4 0 3 fc III tiliSrfioIIfJg 
iyij 3y pf4 0 4 S75X7C VDftC J: OfiKMU 
ft, IM^Iiy^y, *3S*fflnF-ty^t L 
ty^y (B 2 H 6 ) ^SrfflV^ft. 77X7liMi^ 
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[0060] ^<D£o tcSAtt^itt^lIil^feA^ 0 3 
y4 0 3±fcJ*IW-4£i:fc:J: l 5\ TJftfc3:r>fc9:§t# 
HAS' y rj >fil02^« v 4SAtt* 3\ S &AAK 
co J; VISAS' 'J 3 y p JH4 o 4 ; fc fc. 

i i t- co f - t° v r#x commum § fx & a y y 

3y P Jf404<0b*-ty if AS' 
•J 3>-4 0 3tc*4*i4 H-ty^OR**** J: 0 fc^ 
SK-T-gxT fctCj; 'JBack-Surf ace-Fie 
Id ( B S F ) i t si^C&3lfiWffl»P«03K 

4. 

[006 1 ] §^(C77XvCVDStIMXti/7 

^tJiV^WR^fflv^^BAv-'Jav i 14 0 5£, * 
wttH*t=JBH^ t L T 5/ 9 y . tK* . F-ey^ 

Xt U*X7 y ( PH 3 ) i^SAy'J 3 

yn»4 0 6£j«itl,fc. ^SiSA^ 'J 3 > i *, £S£A 

< ^is^^s B B BR a p«^« i ^ y n >$>mmzn& <r t 

ji^TIBT* -5 § 6 fc#i!6A i/>j3^nl4 0 6 <0_tiC 
S*5B«§t4 0 7 £j£SIU tt^cOJRO tULMgi: LT 
£E««4 0 8 fc LTfffAtfT^S-^AK^jatlHL 
T3t«^m«^ Zim Ufc. £ffikis 'J 3y i S4 0 5 

t±8,umi: L£<, ^A^'J 3y n Jl4 0 6C9flgJ¥i4 
0. 01// m— 0. 5 /x mgg*!^^, *gOfcW"Cli 
0 . 0 3wrai L£o 

[0062] 'g-SOteffL »JS#**a^ 'J 3 yKl02£ffl 

fum&kz < m*<vxm&% <-thzt mm t * 

[0063] icoiotc, *99tftfc: J:aU¥fR^RA 
y'Ja y<o_fci3«(c£*Sft ^ U 3 V p « , ^ly 'J 3 

^^n-rs i t fc i 0 , tsftttft<ffi< *ss<oy y 3 y 

[0064] 

y 3 >tm^i-mmmm^ u 3 y^f#& ; 
t h . ^wmmm^rn^ y 3 y £^nr-£** 

[ m 1 ] ( a ) tt4^£08M8£tSAS' 'J 3 y«lM 



[02 ] *»HJl«?lJ3i^A^y aywKSSSiSt 
[03] ( a ) (±*^Hjc?)^Jl^feAiy 'J 3 ><7)S3t^ 

5£ ( ^_^_^. y ycr>x^-y?m) itzm^tzmwzm^; 

[05] *%«<oflK^tSA^ 'Jaymi 3t*^ii 

[@6] n»j i x i>ii^ H H B y y 3 yi^A i m 
■^itky^y^mmm, 

[07] n»j i izx mm^m a^ y 3 yj^jns&g 

Sfc^V>'J:t^fflM0„ 

[08] H»JH=J:S?lK^ B H B yy 3yJKWjD9*B* 
ra1t7V>i:tcOffiM0. 

[09 ] HJt0|2(zJ:«»IR$ISA^ l J 3>-K^^-ir- 
-y 1-4t7)A 1 ?i-^Jti: 5vyit^ffiPI0 o 
[«^C0|^] 

1 0 l-SSL 

1 0 2-»MIHgA^U3^ 

1 0 3---A 1 -S iil^ffi. 

1 0 4---^ffltfftBT/l-5~ T >A. 

1 0 5, 2 0 5, 3 0 5-it*M\ 

I 06-h-^, 
1 0 7-a-x, 

1 0 8---A i/s iS£a»*m, 

1 0 9-A imMtf®. 

1 1 o-s immwm, 

I I i-A i/s i-i^mm. 

1 1 2---A l^M, 
1 1 3-S ilM, 
1 1 4-tft'-A, 
115, 21 4---JPSftb — 
1 2 

1 2 2-y J r7-tffi, 

1 2 3-75X7, 

2 0 6-*7 h7°l^~h, 

2 0 7-7^3>77X7, 
208-A 1/S iWL-&9—y>vh, 
2 09-A 1 ^-y.y K 
2 1 0-S i 9—Y-y 
2 1 1 -©jaiSMi. 
2 1 2-3yf>t, 

2 1 3-sjaismu 



!( 9 ) 002-175983 ( P 2 0 0 2- 1 7 5 9 8 3 A) 



q n a . 




a no. 




3 0 7- 




403- 




3 0 8- 




4 04- 


■■#tSft^U3>pJi, 


3 0 9- 




4 0 5- 




3 1 0- 




4 0 6- 
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4 0 7- 




4 0 1- 
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[H5] 



f— 405 

— 407 

— 406 



— 405 



:~ 212 



-3-206 — I 

ZT—2QS 
□ — 101 

207 

It- 208 
Z3-211 



—305 
101 




307 

3 — 308 



I— 309 



310 




0 10 ?0 30 40 50 



(€L 0))02-175983 ( P 2 0 0 2- 1 7 5 9 8 3 A) 



m7] 



[08] 
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(5i) int. ci . 7 mwm- 

H 0 1 L 21/205 
31/04 

(72) wm WAT 



F I (##) 
H 0 1 L 21/205 5 F 1 0 3 

31/04 X 



F^-A(##) 



4K029 M09 BA23 


BA35 


BB02 


BDOO 


CA01 CA05 


DC04 


EA01 


EA08 


GA00 








4K030 M03 AA06 


Ml? 


BA02 


BA29 


BB13 DA08 


FA03 


HA03 


HA04 
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